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Abstract
To develop long-term strategies for transportation planning, it is necessary to understand and address the uncertainties
related to mobility. This task is challenging, given the rapid evolution of passenger transportation in the U.S.A. To aid trans-
portation planning, we combine expert insights and quantitative modeling in a two-step process to create scenarios for U.S.
passenger transportation in 2030. In the first part, we use inputs from 34 experts on 18 socio-demographic, macro-eco-
nomic, and technological factors that influence transportation to generate combinations of projections that are reasonable
and coherent: we call them scenarios. For the three distinct scenarios thus developed, we use a spreadsheet-based transpor-
tation activity accounting tool to estimate nationwide vehicle miles traveled, carbon emissions, and electrification levels. The
Hop & Drive scenario is dismal, characterized by a slower economy, greater suburban growth, and higher driving levels.
Mapped by Directives envisions a future shaped by ambitious local and federal policies accelerating electrification, reviving U.S.
mass transit, and lowering driving levels. The third scenario, Technology Dazzles, imagines the outcomes of rapid technological
improvements and adoption, leading to an increasingly automated world with a mobility-as-a-service paradigm beginning to
be realized. The projections developed for each scenario should serve as markers for transportation planners at the federal
and regional levels who monitor transportation trends. These markers can be used to adjust regional and national transporta-
tion funding priorities and understand the broader implications of development and funding strategies under uncertainty.
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As the transportation landscape in the U.S.A. undergoes
rapid transformations because of technological innova-
tions, demographic shifts, and increasing environmental
awareness, there is a pressing need to forecast and plan
for a fast-evolving future. Traditional travel demand
models often rely on a set of inputs that are static and do
not account for the uncertainty inherent in projecting
such inputs (1). Oil prices, gross domestic product
(GDP), the rise of new mobility services, such as ride-
hailing and electric scooters, and lately the increase in
telecommuting caused by the COVID-19 pandemic and
associated changes in land-use patterns are notoriously
hard to project. While some attempts have been made to
incorporate telecommuting and e-shopping behavior in
land-use and travel demand models, they are limited to
the regional or state levels (see Wang et al. [2]) and
Shemer et al. [3]). Economic input–output models also
fall short in capturing the full spectrum of potential

changes because of uncertain events like the pandemic,
making scenario planning a crucial approach for con-
temporary transportation studies (4).

In this study, we employed a robust scenario planning
method integrated with quantitative modeling to explore
various futures of U.S. transportation up to the year
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2030. Drawing on the insights of 34 experts across multi-
ple fields, we projected 18 critical socio-demographic,
economic, and technological factors that could influence
future trends. This extensive expert input received
through online surveys was synthesized through a series
of workshops and surveys into two to three levels, per
factor. Using cross-impact analysis and an extensive lit-
erature review, we combined these future levels of each
of the 18 factors into three clusters made up of distinct
levels of each factor. We inspected these clusters to
ensure they were coherent and plausible; our logic was
rooted in how transportation systems respond to the
larger macro-economic context. Next, we evaluated the
potential impacts of each scenario quantitatively. Using
the International Energy Agency’s (IEA’s) Mobility
Model (MoMo), we estimated nationwide vehicle miles
traveled (VMT), carbon emissions, and electrification
levels for each scenario. This approach provided action-
able insights into how different futures could materially
affect U.S. transportation policy and infrastructure.

Details about the process and data are illustrated in
the Data and Methods section as a six-step methodology
(see Figure 1). The first step involves identifying a set of
descriptors that could influence passenger transportation
in the U.S.A. over a decade. In steps two and three, we

elicit expert opinions on their most likely, low, and high
estimates for each descriptor in 2030, along with support-
ing arguments.

Next, in step four, we categorize different levels into
bins and build three to four clusters. In step five, we con-
vert each descriptor level into inputs and assumptions for
modeling. Finally, step six involves generating scenario
outputs, providing scenario-wise projections for vehicle
stocks, vehicle and passenger miles traveled, energy, and
electricity use, and carbon emissions.

We chose 2030 as the horizon because the current pace
of change in passenger transportation is unprecedented,
posing significant challenges for short-term and medium-
term planning. Long-term planning is even more difficult
because of the rise of new mobility services, the impacts of
the COVID-19 pandemic on travel behavior, declining
transit ridership, a pivotal moment for transportation elec-
trification, evolving retail business models, and advances in
vehicle automation technology. Our aim is to understand
how passenger transportation in the U.S.A. could evolve
as climate change becomes a more urgent issue.

Since transport policy is set at the national level, we
develop scenarios covering the entire U.S.A. until 2030.
At the end of our study, we present three transportation
scenarios with their implications for 2030 embedded in

Figure 1. Step-by-step methodology with a list of key descriptors.
Note: EV = electric vehicle; ICE = internal combustion engine; CAGR = compounded annual growth rate.
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the narratives. Hop & Drive (HD) represents a sluggish
economy, greater suburban growth, and higher driving
levels if no significant changes are made. Mapped by
Directives (MD) is based on local and federal policies
supporting electrification and transit, aiming to reduce
driving. Technology Dazzles (TD) is a wildcard scenario
imagining technology-led outcomes, with a rise in auto-
mation and the beginnings of a mobility-as-a-service
paradigm.

The results from this study will inform policymaking
and investment decisions by illustrating how various pol-
icy levers and changes in socio-economic and technologi-
cal factors may influence future transportation scenarios,
including the potential to effectively decarbonize passen-
ger transportation by 2030. Our study aims to assist
transportation planners and policymakers in envisioning
different potential futures. The projections developed for
each scenario will serve as markers for transportation
planners at the federal and regional levels, helping them
monitor transportation trends.

This guidance is particularly valuable during these
uncertain times following the COVID-19 pandemic,
when the future of transportation trends is unclear.
While these scenarios were developed during the pan-
demic with projections leading up to 2030, progress in
certain areas, such as electrification levels and vehicle
automation, has been slower than anticipated. Thus,
even if we use ‘‘2030’’ throughout the paper, it may not
be inappropriate to consider these scenarios as plausible
for 2033 or even 2035, about a decade into the future.
Stakeholders can use these markers to adjust regional
and national transportation funding priorities and to
understand the broader implications of their develop-
ment and funding strategies under uncertainty.

The remainder of the paper is organized as follows: the
next section briefly summarizes the literature in the field
and the contribution of this study. We then discuss how
the data were collected and used to develop scenarios and
introduce technical terms associated with our scenario-
planning approach. In the next section, we briefly describe
each scenario and discuss how transportation metrics
such as VMT and carbon emissions associated with each
were quantified using modeling. Next, we present model-
ing results and discuss how they compare. We conclude
the paper by discussing the broad implications of each
scenario for U.S. society by distinguishing certain and rel-
atively uncertain trends that will likely shape the future of
passenger transportation in the U.S.A.

Literature Review

The literature review presented below spans five themes
related to this study—scenarios and scenario planning
literature; applications of scenario planning methods in

transportation; typology of scenario studies; methodolo-
gical aspects of scenario studies; and current literature
on scenario studies that incorporate emerging modes and
the COVID-19 pandemic.

Scenario Planning

Scenario planning and foresight techniques are well-
established in the literature on decision-making (5). A
scenario is a hypothetical sequence of logical and plausi-
ble but not necessarily probable events constructed to
understand causal processes and decision points (6, 7).
Within long-term planning, the scenario technique is an
approach that can inform decision-making when future
conditions are highly uncertain (8). Through scenarios,
decision-makers obtain information concerning future
policy challenges, economic trends, society, and technol-
ogy. Scenarios can be developed to predict what will
happen, explore what can happen, or understand how a
specific target can be reached normatively (9).

Scenario Planning in Transportation

In the transportation sector, examples of the earliest sce-
nario work date to the 1970s. Biciunas and Moses (10)
and Friedlaender et al. (11) used them to identify priori-
ties and challenges for national, state, and regional trans-
portation planning agencies. Published research articles
on transportation scenarios in the decades since then are
similar in scope and focus. They include case studies of
how scenario planning can help public agencies better
plan transportation infrastructure investments. For
example, Zegras et al. (12) presented a framework for
incorporating scenarios into regional transportation plan-
ning done by metropolitan planning organizations. Kim
et al. (13) also suggested a framework to help state
departments of transportation strategize around con-
struction practices. Lastly, Sadatsafavi et al. (14) used a
causal loop diagram and cross-impact matrix followed by
cluster analysis to build 30-year horizon scenarios for the
U.S. highway industry so that state agencies could use
them to assess the performance of their strategic plans.

In a federally sponsored effort, Shaheen et al. (15),
documented scenario planning workshops conducted to
assess risk and to prepare for possible futures in which
intelligent transportation system (ITS) technologies
could be used to create a more integrated and adaptive
transportation system. In a study similar to ours, Zmud
et al. (16) developed two scenarios for future mobility in
the U.S.A. using data based on expert opinions on
demographics, economics, energy, transportation fund-
ing, and technology. Passenger miles traveled were also
estimated for each of the two scenarios. Exploratory sce-
nario studies tend to be broad but could focus on specific
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topics, such as achieving sustainability, an example being
Shiftan et al. (7). Lyons et al. (8) have documented sev-
eral examples of such explorative scenarios sponsored by
national governments, primarily the U.K.

Variations in Applications

While large international agencies and committees such
as the Intergovernmental Panel on Climate Change, the
IEA, and the International Transport Forum develop
broad, nationally, and internationally focused transpor-
tation scenarios, they are often normative. For example,
they respond to the prompt—what pathways will likely
lead us to a fossil-free transportation world in 2050? In
other transportation studies, travel demand models are
applied to forecast long-term travel demand and assess
transportation impacts. These models are often used at
local or regional levels; national travel demand models,
on the other hand, usually do not include the detailed
behavioral relationships necessary to forecast the general
impacts of transportation. Instead, they primarily focus
on long-distance inter-city passenger travel and freight
movement (17).

Methodological Aspects of Scenario Studies

Scenario development begins with identifying factors
that influence the transportation sector. Significant fac-
tors that influence the development of transportation
(infrastructure) are spatial and land-use planning, gov-
ernment policy, economic forces, technology, and social
and behavioral trends (7). Since scenario planning devel-
ops through phases, Börjeson et al. (9) suggest that cer-
tain techniques are relevant to each phase of the scenario
development exercise. In the generating phase, deemed
to be relatively crucial for explorative scenarios, they
explain that surveys, workshops, and Delphi methods
have been employed to generate information. This step
creates qualitative data that can be either used as is or
further enriched. In the integration phase, mathematical
modeling combines the ideas and information previously
generated. This step, as a result, creates multiple combi-
nations, perhaps too many to offer any conclusive opin-
ion. Therefore, consistency could be achieved by using
methods that reduce the number of scenarios to a few
that are cogent. Many scenario applications first create
qualitative storylines or narratives and then quantify
them for mathematical modeling (18). In this study, we
adopt a similar approach as it leverages the strength of
expert inputs and mathematical models in converting
these processed inputs into relevant metrics using estab-
lished transportation relationships.

Many studies have developed quantitative scenarios
for specific transportation issues in the U.S.A., especially

decarbonization. For example, Liu et al. (19) compared
the fuel and emissions impacts of different travel mode
scenarios for inter-city trips ranging from 200 to 1600km
(or 124–1000mi). Likewise, expert opinion-based sce-
nario studies have been conducted using a more qualita-
tive approach to investigate specific transportation issues.

Recent Scenario Studies

In the present age of mobility, new forces are challenging
businesses and governments to rethink how the future
will evolve. These forces have motivated scenario-based
analyses of new shared mobility options such as e-
scooters (20, 21). Nogués et al. (22) investigated the
impacts of automation in cities. They evaluated which
policies could most effectively achieve the desired city
scenario through a back-casting planning methodology
through expert surveys. Miskolczi et al. (23) conducted a
systematic literature review of 62 studies on the future of
mobility published between 2012 and 2021, 16 of which
developed scenarios. They identified six recurring themes
in these works, namely automation, shared mobility,
electric vehicles (EVs), congestion, social attitude, and
greenhouse gas (GHG) emissions. Using a simple system,
they assigned each reviewed scenario a score from 6 to
18 based on these themes. Finally, using the insight that
shared mobility and automation are the key distinguish-
ing factors among the studied scenarios, they developed
their own scenarios. Their four scenarios for 2030 are
described with respect to mobility challenges and socio-
economic issues, and the most likely scenarios implied
only incremental advances, such as a slow shift toward
self-driving, electric, and shared vehicles.

Similar to the current study, Fulton et al. (24) utilized
basic data and projections from MoMo, created by IEA,
and focused on modeling the three revolutions, namely,
electrification, automation, and shared vehicle trips
served by transportation network companies (TNCs).
Their projection system tracked the number of vehicles
and their cost, daily and annual travel, average passenger
loading, fuel use, and worldwide carbon emissions. The
analysis is based on eight countries, one of which is the
U.S.A. The three scenarios were the business-as-usual
(BAU) scenario, the two revolutions (2R) scenario
including a rapid increase in non-autonomous EVs and
later autonomous EVs, and the three revolutions (3R)
scenario, which assumes that in addition to the 2R, shar-
ing rides in the form of on-demand ride-hailing and pub-
lic transport becomes extremely popular.

Current Study in Context

In a study predating the COVID-19 era, Zmud et al. (25)
employed a five-step process to develop scenarios for
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U.S. mobility in 2030 based on expert opinions encom-
passing demographics, economics, energy, transportation
funding, and technology. Their results delineated two
divergent futures: a ‘‘no free lunch’’ scenario with
reduced oil dependency, stringent regulations, lower
VMT, and increased transit use; and a ‘‘fueled and free-
wheeling’’ scenario marked by lower oil prices, induced
suburbanization, heightened congestion, increased VMT,
and declining transit usage.

Our study represents an evolution from Zmud et al.
(25), as we also construct U.S. transportation scenarios
for 2030 using expert inputs. However, we depart in three
major ways. Firstly, we omit cross-impact analysis and
leverage Zmud et al.’s work since we share many descrip-
tors. For new factors such as the COVID-19 pandemic,
we seek expert input to identify their impact on transpor-
tation. Secondly, we develop three scenarios manually, in
contrast to Zmud et al.’s two, without using a proprie-
tary foresight platform. This approach is feasible because
we impose constraints by predefining the number of sce-
narios. We task experts with pinpointing a subset of
descriptors and their associated levels that could decisi-
vely influence the scenarios’ trajectories. Lastly, instead
of historical trend analysis, we apply a simplified mathe-
matical model with established behavioral relationships
to project outcomes such as VMT.

Notably, our study uniquely integrates the potential
impacts of COVID-19 and employs expert insights to
manage uncertainty in forecasting inputs, while adhering
to established methodologies for quantifying transporta-
tion outcomes.

Data and Methods

We relied on secondary data from other studies and grey
literature to develop the list of factors that explain how
passenger transportation evolves. These factors are used to
structure the online survey and workshop that our expert
panel participated in. Their inputs constitute the primary
data in this study. Additional details about the process and
data are illustrated in Figure 1 and described below.

Selection of Descriptors

Various forces contribute to changing the way individu-
als live, work, and travel, both temporally and spatially.
Based on past research (26–28) and other recent scenario
work, such as the U.K. Department of Transport’s fore-
sight studies (29) that incorporate emerging mobility
modes and trends, we identified a set of descriptors that
could influence passenger transportation over the
medium term (10 years) in the U.S.A. (step 1, Figure 1).
In identifying these descriptors, we relied on the STEEP
framework, a simple yet comprehensive scheme to

categorize different descriptors into the societal, techno-
logical, environmental, economic, and political domains.
The STEEP framework is an extension of the PEST
(political, economic, societal, and technological) frame-
work introduced by American scholar Francis Aguilar in
the 1960s (30). The STEEP framework is commonly used
in business strategies, to categorize contextual factors
that may be relevant to an issue into the five said
domains. This process helped us gather historical trends
and background information about each descriptor,
which we used to elicit information from experts.

As the research started before the pandemic, we do
not include the Ukraine war and other major global
events that have transpired since the Fall of 2020 as fac-
tors. The COVID-19 pandemic remained a major discus-
sion point.

Expert Elicitation

Experts for this study were selected based on their exper-
tise (many publications, participation in academic and
policy committees and organizations), current position
(associate professor, senior planner, director, etc.), and
experience (typically 10 or more years) in studying or
dealing with one or more aspects of the five STEEP
domains as they relate to passenger transportation. The
experts work in academia, industry, nonprofit organiza-
tions, and government agencies. They were approached
via email invitations. Once they agreed to participate, an
online survey on descriptors was distributed to them.
The survey contained background information on each
of the 18 descriptors. Experts could choose to respond to
as many as seven different topics depending on their
expertise.

In the survey, experts provided their most likely, low,
and high estimate of each descriptor in 2030 with sup-
porting arguments (steps 2 and 3, Figure 1). Where
quantitative projections were inappropriate, Likert-type
questions were used to get a qualitative sense of how a
descriptor may trend. The results from the survey were
analyzed internally, and then later discussed with the
same experts during a series of two workshops. Data
visualizations and a brief list of reasons each expert
noted in their rating were used to initiate discussion
around each topic. The discussion helped us explore
which projections will hold and why, and build consen-
sus around them.

Creation of Scenarios

Experts contributed to the scenario creation process in
three key stages. In the first, they provided us with a
range of projections for each descriptor in the survey. To
keep the number of projections manageable, we needed
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these projections condensed into fewer levels: one to
three discrete values per descriptor depending on the
range and the uncertainty associated with that descrip-
tor. Therefore, for each descriptor, we showed experts in
the workshop a visualization of the responses with an
annotation summarizing the range and reasoning all the
experts provided. We then asked the group: ‘‘What do
you think are one to three levels that capture the range
of this descriptor?’’ Using what we learned in the work-
shops, we finalized levels for the descriptors in 2030
(Table 1).

In the second stage, after the exercise to consolidate
levels was over, experts were asked to provide their top
three choices for the most influential descriptors that
would distinguish transportation pathways in the next
couple of years. Through a guided discussion, experts
agreed on a subset of descriptors that are uncertain and
impactful and are most likely to shape and drive trans-
portation scenarios (see Table 2). Unlike other studies,
such as Zmud et al. (16), that use computer software to
iterate over the astronomical number of combinations of
different levels that make up a scenario cluster, having
such a subset significantly reduces the number of unique
combinations across the 18 descriptors.

Lastly, each expert was asked to sketch out two sce-
narios they foresaw playing out based on the group dis-
cussions. A scenario can be thought of as a cluster of
distinct levels centered around these impactful descrip-
tors. Experts were asked to combine distinct levels of the
seven indicators in Table 2 agreed on previously. Some
experts had common visions of the future, so they collec-
tively arrived at nine unique scenarios.

The research team started with the seven indicators
descriptors in Table 2 (and nine scenarios that experts
shared), and added additional levels of the remaining
descriptors based on logic and reasoning as opposed to a
computer-based foresight tool to arrive at three to four
clusters (step 4, Figure 1). Once the initial set of clusters
for each scenario was developed, scenarios were iterated,
and the set of levels in each scenario was adjusted until
they became internally consistent. This process loosely
followed the consistency analysis used by Zmud et al.
(16). For example, high GDP growth is associated with
strong retail spending and higher vehicle sales, therefore
they belong together to be internally consistent. The
numbers in curly brackets against each level {1, 2, or 3}
in Table 1 denote the scenarios that level is associated
with. A level can be shared by two or more scenarios.

Quantification of Scenario Outputs

A cluster of descriptor levels does not tell us enough
about the outcomes associated with a scenario. Modeling
is needed to convert a group of discrete levels into more

complete, consistent pictures of the future. For each sce-
nario, we converted each of its descriptor levels into
inputs and assumptions for modeling (step 5, Figure 1).
Scenario outputs such as person miles traveled (PMT),
VMT, vehicle sales by powertrain, mode shares, energy
use, and GHG emissions were generated (step 6,
Figure 1) using a spreadsheet tool based on the IEA
MoMo. MoMo was chosen because of its prominence
(IEA has applied it for decades to conduct exploratory
modeling), up-to-date baseline data, coverage (covers
several developed and developing countries until 2050),
user-friendliness, and tractability.

MoMo (used under license) provides historical data
for the U.S.A. and other world countries and regions
using a variety of sources, such as the U.S. Department
of Transportation, Department of Energy, and IEA data.
Because the model is more complex than was needed in
this study, we developed a custom spreadsheet model
with a similar structure: assumptions with respect to
vehicle sales, travel per vehicle, vehicle fuel type, and
vehicle efficiency across all modes are made, and these
are then used to generate estimates of vehicle stocks,
total travel, energy use, and CO2 emissions. Details of
the model structure are available in Fulton et al. (31).

Using the model (and including data that was recent
as of 2019), we started with a baseline (COVID-included)
scenario to 2030 and adjusted this using the various
assumptions made for each scenario. No baseline sce-
nario remains, although the HD scenario may be the clo-
sest to one. Since MoMo models future travel in 5-year
increments, we use the 2020 numbers as a base, while
acknowledging that these were low and unusual for a
typical year. Although we use the IEA’s MoMo to per-
form the modeling, the inputs are based on our data and
levels determined through internal discussion. Therefore,
none of our results necessarily align with the transporta-
tion scenarios that IEA develops.

To illustrate the model’s accounting process, we pro-
vide an example of CO2 emissions. Carbon emissions are
assumed to be a mathematical function of vehicle stocks,
travel, efficiency, and type (and carbon intensity) of fuels
used, summed across all modes and vehicle/fuel types, as
shown in Equation 1:

G =
X

Modes

X

Fuels

Am, f Sm, f Im, f Fm, f ð1Þ

where G is the total carbon dioxide emissions in the
region, A represents activity (e.g., in passenger-miles), S
is the structure variable that represents the load factors
(i.e., occupancy of passenger vehicles) for the various
modes and fuel types, I measures energy intensity in
energy per vehicle mile for each mode and fuel type, and
F is the carbon intensity, both directly from the vehicle
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Table 1. 2030 projections for descriptors

Descriptors Levels for 2030

1. Population a. Population grows at an average of 0.66% (333 million in 2020 to 355 million in 2030). {1,2,3}
2a. Core urban growth a. Overall urban population declines in city centers and close-in suburbs. Broader metro areas,

small towns, and rural areas are typically ‘‘non-urban.’’ {1,3}
b. Most urban areas grow but the overall urban population declines slightly, nevertheless. {2}

2b. Suburban growth a. Suburban growth is stable. {2,3}
b. Stronger suburbanization trends through 2030. {1}

3. Green product preferences a. Consumer preferences for green products will lead to an increase in alternative-fuel vehicle
sales and only a slight reduction in sport utility vehicles (SUV) sales. {1,2,3}

4a. Retail shopping a. Modest retail growth at 1.5% average annual year-over-year (y-o-y) growth rate. {1,2}
b. Sustained retail growth slowing down a little after 2025 (3.5% average y-o-y). {3}

4b. Online shopping a. Online sales continue to increase, reaching 40% of retail sales. {1,3}
b. Online sales grow strongly to reach 50% of retail sales. {2}

5. Telecommuting a. After COVID, 5% and 15% of the U.S. workforce telecommutes full-time and part-time,
respectively. The share keeps growing to become 10% and 25% in 2030, respectively. {2,3}

b. Full-time telecommuting accelerates to reach 20% and part-time telecommuters (excl. full-time
telecommuters) make up 40% of the U.S. workforce in 2030. {1}

6. Oil outlook a. Prices decline or remain the same relative to 2020 (about US$40/barrel). {1,3}
b. Prices spike as high as US$100 but remain at an average of US$60/barrel. {2}

7. Economic growth a. Slower than average 1.8% growth. {1}
b. The economy recovers swiftly and continues to grow at an average 1.8% growth. {2,3}

8a. Climate targets and emission
targets

a. Paris target is set at Obama levels (32%), but the target is unachieved. {1}
b. Paris target is set at 32% and the target is achieved. {2,3}

8b. CAFE standards a. Following a slow recovery and relaxed fuel economy (FE) targets, the 2026 federal target will
be achieved in 2030. California retains the current 55 mpg corporate average fuel economy
(CAFE) target for 2026 because of increasing SUV sales and a few more states join it. {1,3}

b. Following relaxation in FE targets, a more ambitious nationwide CAFE target of 59 mpg is set. {2}
9. Carbon pricing a. A carbon tax is introduced in the late 2020s, and prices remain below US$20/ton through 2030. {1,3}

b. A carbon tax (less likely cap-n-trade) program is introduced, and prices reach US$50/ton by
2030. {2}

10. Federal regulations a. Federal gas tax is increased to 25 cents per gallon. {1,3}
b. Federal gas tax increased to 40 cents per gallon and multiple states have implemented VMT

programs. {2}
11. Local transportation-related

regulations
a. Very few cities implement progressive transportation policies. {1}
b. Variably priced lanes and road tolling become more prevalent while cities invest in multi-modal

transport infra, parking enforcement. {2}
c. More cities implement progressive congestion-related policies, car-free zones, providing greater

support for new mobility options and promoting active modes. {3}
12. EV charging infrastructure a. Public charging infrastructure is not enough to support higher penetration of EVs, but higher-

income households continue to buy EVs, and use dedicated infra. {1}
b. Private and public investment makes public charging infrastructure widely available but still

limited to large cities. {3}
c. Widespread public charging infrastructure in parking lots, apartment units, and employers. {2}

13. EV price parity a. Up-front price parity of sedans achieved in 2026 and SUVs and pick-up trucks lag another
2 years. {1,3}

b. The up-front price parity for sedans achieved in 2024 and SUVs and pick-up trucks lag by
another 1.25 years. {2}

14. Automation a. Automation still confined to test sites and geofenced areas. {1}
b. L4+ AVs make up 5% of the ride-hailing fleet, private sales limited. {2}
c. L4+ AVs make up 10% of the ride-hailing fleet, private sales limited. {3}

15. Transit a. Traditional transit is only limited to large cities. Rail ridership falling and new investment has
slowed considerably. {1}

b. Stable transit service levels, buses seeing a slow decline, rail observing slow growth. {2,3}
16a. Ride-hailing growth a. Solo ride-hailing growth limited to dense areas in cities and airport trips. Pooled ride-hailing

share low and stable. Prices rise and ride-hailing becomes new-age taxis. {1}
b. Solo ride-hailing growth continues doubling in 10 years (from 2019 levels) while pooled ride-

hailing sees only a modest 10% increase. {2}
c. Solo ride-hailing grows by 33, pooled ride-hailing not growing. {3}

16b. Ride-hailing electrification a. Thirty percent ride-hailing fleet electrified. {1}
b. One hundred percent ride-hailing fleet electrified. {2,3}

(continued)
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Table 1. (continued)

Descriptors Levels for 2030

17. Micromobility a. Bike-sharing dies off and scooters remain limited to large cities. Scooter ridership keeps
declining after peaking at 150% (from 2019 levels). {1,3}

b. Electric-assist bikes show lackluster growth, becoming a niche market and scooters dominate
micromobility with ridership growing by 2.53 (from 2019 levels) by 2030. {2}

18. COVID-19 impacts on
transportation

a. Public transit takes longer to recover than thought, beginning a vicious circle decimating transit
as we know it. Ride-hailing, micromobility, and auto sales resume normalcy* in late 2021, mid-
2022, and late 2022, respectively. {1,3}

b. Buses recover slowly, a little faster than rail. Ride-hailing resumes normalcy* in mid-2022 but
people use pooling less often. Auto sales returned to normal in mid-2021. {2}

*By normalcy we mean + /2 5% pre-COVID level.

Note: VMT = vehicle miles traveled; EV = electric vehicle; L4+ = Automated Driving Systems (ADS) at SAE (Society of Automotive Engineers) Levels 4 and

5 that can perform all driving tasks under specific conditions (L4) or all conditions (L5) without human intervention or supervision; AV = autonomous

vehicle.

Numbers in {} denote the scenario(s) level is associated with.

Table 2. Levels of indicators across the three scenarios

Indicators
Scenario one
Hop & Drive

Scenario two
Mapped by Directives

Scenario three
Technology Dazzles

Economic growth Low
Slower than average 1.8%
growth.

High
The economy recovers swiftly

and continues to grow at an
average 1.8% growth.

High
The economy recovers swiftly

and continues to grow at an
average 1.8% growth.

Urban & suburban growth High
Most growth in suburban areas

and some rural areas. Urban
areas see decline.

Low
Urban population growth is

limited to some cities.
Suburban populations keep
growing.

Low
Urban population growth is

limited to some cities.
Suburban populations keep
growing.

Telecommuting High
Full-time telecommuters 20% of
U.S. workforce. Part-time 40%.

Low
Full-time telecommuters 10% of
U.S. workforce. Part-time 25%.

Low
But high-tech with immersive
AR.

Federal and local policies Low
Inaction on all fronts.

High
Climate change, ambitious FE,

higher gas tax, no RUC.

Medium
Climate goals achieved &

progressive local policies but
low FE targets & carbon, gas
tax.

EV infrastructure and
price parity

Low
Lackluster support for EVs.
Modest response
from industry. EV sedans reach
price parity in 2026.

High
Subsidies, infrastructure support
for EVs & EV sedans reach
price parity in 2024.

Medium
Widespread infrastructure only

in large cities but EV sedans
reach price parity in 2024.

Automation Low
Confined to test sites and

geofenced areas.

Medium
AVs make up 5% of the ride-

hailing fleet. Personal AVs
limited.

High
10% R.H. fleet automated and

5% LDV sales are AVs
personally owned.

RH and MM Low
1.13 Solo RH. RH limited to

dense areas/airport trips.
Bikeshare dies off. Scooters are
okay in cities

Medium
23 Solo RH and 1.1 pooled.
2.53 MM (both w.r.t. 2019

levels).

High
33 Solo
Shared MM declining (1.53).
Personal MM on rise (both
w.r.t. 2019 levels).

Note: AR = augmented reality; FE = fuel economy; RUC = road use charge; EV = electric vehicle; autonomous vehicle; RH = ride-hailing; LDV = light-duty

vehicle; MM = micromobility.
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as well as ‘‘well-to-tank’’ emissions, such as the carbon
intensity of electricity production for use in EVs.

All variables are tracked over time with vehicle stocks
as a function of sales and a retirement function. We pro-
jected all activity and sales variables to 2030 based on the
levels of key input variables in the scenarios, then entered
these into the model to get vehicle stocks, average inten-
sity, energy use, and CO2 emissions.

Development of Scenario Narratives. Finally, we integrated
quantitative modeling results into a storyline. The resulting
narratives describe three alternative versions of the future
of passenger transportation in the U.S.A. from a vantage
point of 2030, and present what happened through the
years leading up to 2030 as if watching the events happen-
ing from a rear-view mirror. The narratives help bind
together the various influencing factors and how they
interact, the causal relationships at play, and the events
that transpire to make a certain future happen, describing
the future scenarios as stories rather than numbers and
projections. For the sake of brevity, we do not report the
long narratives here, but they are available on request.

Results

Our three scenarios can be broken down and identified
by a set of 10 descriptors (Table 2). Six of these key
descriptors have been lumped into three closely aligned
pairs, namely federal and local policies, EV infrastruc-
ture and purchase price parity, and ride-hailing and
micromobility, thereby generating seven indicators that
distinguish the three scenarios. The table is consistent
with the levels used in each scenario (Table 1) and helps
distill down indicators and eventually model them.

While some descriptors drive scenarios because of their
relative uncertainty and impact over others, there are a
few others that are less uncertain. Their relative uncer-
tainty is apparent from the number of levels they have.
Population and consumer preferences for green products
have just one level each, while carbon pricing has two.

1. Population: less than a decade is not enough time
for meaningful changes in the U.S. population.
Despite the COVID-19 pandemic, not much is
expected to change previous and current U.S.
Census Bureau projections. The COVID-19 pan-
demic could cause birth rates to tumble but how
long this will last is uncertain.

2. Consumer preferences for green products:
although climate awareness will increase, this will
not necessarily translate into stronger preferences
for smaller or alternative-fuel vehicles. Car
choices will still be driven by a mix of car-pride
and cost considerations, among others.

Regulation will have a greater role to play in pro-
moting alternative-fueled vehicles than consumer
preferences for greener alternatives.

3. Carbon pricing: although we defined two levels
for carbon pricing, the overall sentiment of experts
about a carbon pricing regime was unenthusiastic
because of the myriad political challenges facing a
carbon pricing regime. Also, a carbon tax does
not directly affect transportation outcomes, and
therefore assumers lesser importance.

Scenarios

We present a short narrative-style description of the three
scenarios and compare them with scenarios from two stud-
ies, Zmud et al. (16) and Miskolczi et al. (23), that share the
horizon year (2030) and focus (passenger transportation)
with our study. In favor of simplicity, we refer to these stud-
ies by their first author in the remainder of this section.

The first scenario—HD is governed by high rates of subur-
banization and telecommuting. Through the 2020s, the
U.S.A. sees a lower GDP per capita than during the prior
decade. Suburban and rural living have become increasingly
attractive owing to psychological and cost reasons.
Telecommuting opportunities have also improved and are
more widely accepted. More and more people ‘‘hop’’ from
urban areas to suburban ones. Despite more teleworking
and less commute travel, there are more trips for non-work
purposes and trips are longer and more car-dependent,
resulting in more overall driving. This is the closest to a
BAU or baseline scenario and is the equivalent of Fueled

and Freewheeling in Zmud et al. and Old Grumpy Transport

in Miskolczi et al. The former is fueled by low oil prices and
growing suburbanization that leads to more driving, bol-

stered by a lack of policy disincentives to driving. Cars and
convenience are central to the latter scenario, vehicle auto-
mation is deemed slow, and shared mobility occupies a
niche serving the younger generation.

The second scenario—MD captures a future that is shaped

by ambitious policies at the local and federal levels.
Industrial leadership motivates an unclouded vision on cli-
mate change policies at the federal level and green infrastruc-
ture investments enable sustainable transportation policies at
the state and local levels, accelerating transportation electri-
fication and re-invigorating legacy urban mobility systems
such as public transit. This scenario is synonymous with
Zmud et al.’s No Free Lunch, where economic growth is
high, but oil demand has fallen because of favorable policies
and electrification. The difference though is that greener atti-
tudes have brought about legislative change, which is not
true in our case. We foresee that eco-friendly attitudes are
stronger in MD, but do not exert any influence on policy
progress. MD is a mix of Miskolczi et al.’s mild-progress At
an Easy Pace and shared mobility-focused Mine is Yours sce-
narios. With the former, MD shares growth in telecommut-
ing, stronger local policies, and greater electrification. In
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contrast, with the latter, it shares a drop in emissions
because of electrification and a stronger economy.

The third scenario—TD imagines what rapid technological
improvements and adoption can lead to. Technology takes
the rein, outpacing regulations and challenging car culture
to make automation a reality and enable innovations such
as mobility as a service, leading to an integration of modes
and multi-modal travel that significantly disrupts transpor-
tation. This scenario resembles Tech-Eager Mobility, a sce-
nario with the most intense technological transition in
Miskolczi et al.’s work. Both autonomous vehicles (AVs)
and EVs experience great advancements, but unlike our sce-
nario, it bodes well for both congestion and the environ-
ment. It also contains elements from Mine is Yours, where

the sharing-based market economy gains considerable trac-
tion, and greater modal integration ensues.

Quantitative Results

Overall results across the three scenarios are subtle and
reflect the limited range of futures over the next few years
leading to 2030. Figures 2 and 3 provide key results.

The major differences appear for vehicle stock and
VMT. Since light-duty vehicle (LDV)-based travel
tends to dominate overall U.S. travel, changes in LDV
travel tend to dominate the scenarios. In general, in
HD, the new LDV sales are lower (leading to lower
stocks), and electrification is lower, but because of the
movement to suburbs and car-based mobility patterns,
driving levels (or VMT) are higher than in the other
scenarios. MD has the strongest policy intervention,

resulting in lower driving levels, the highest uptake of
EVs, and the lowest CO2 emissions of the three scenar-
ios. The TD scenario has a similar level of EV uptake
but lower transit and micromobility ridership than in
MD, while ride-hailing fleets in TD begin to include
some automated vehicles.

The total stock of LDVs is not significantly different
across the scenarios, although their renewal rate is lower
in HD, so average vehicles are slightly older by 2030 and
achieve less fuel economy improvement than in the other
two scenarios. The share of EV sales across LDVs, buses,
and ride-hailing increases over time in all scenarios, as
electrification advances, but much less in HD than the
other scenarios. By 2030, EV sales make up 25% of total
LDV sales in HD and a little over 35% in the other two
scenarios, which is higher than the range that experts
indicated in the survey and workshops (which were held
before the 2020 U.S. elections). The higher EV sales
shares in MD and TD reflect the Biden administration
decarbonization targets from 2021 (including a 50% sales
share target for EVs by 2030), as well as their recommit-
ment to support state-level targets. For reference, under
the Announced Pledges 2030 scenario of IEA that reflects
official national commitments, EV car sales and the cor-
responding EV stock in the U.S.A. will be 7.4M and
35M, respectively (32). We project the MD scenario to
have 8.2M EV car sales, but the other two scenarios fall
short of this national target. We also forecast lower vehi-
cle stock than IEA because of a higher vehicle scrappage
rate in lieu of a robust battery recycling supply chain.

Figure 2. Vehicle stocks: light-duty vehicles (LDVs), buses, and ride-hailing.
Note: EV = electric vehicle; HD = Hop & Drive; MD = Mapped by Directives; TD = Technology Dazzles.
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We think all of these will be important, but things
could still change, such as new policies after the 2024
elections (which could be what is reflected in HD). It
seems probable that California and the 13 states adopt-
ing similar standards will determine the outcomes in pas-
senger transportation in all three scenarios.

For example, if California and the 13 states that have
adopted California’s stringent GHG emission criteria
under section 177 of the Clean Air Act and account for
about half the U.S. car market, targeted 100% zero-
emission EV sales by 2035, and achieved a 50% level by
2030, that would account for 25% light-duty EV sales
share nationwide, or even higher if other U.S. states
make progress. Experts in our study suggest that nine
more states will join the so-called 177 states, which can
boost EV sales and result in those higher shares.
Although we did not explicitly model how different vehi-
cle segments will perform, experts in our survey suggest
sports utility vehicles (SUVs) will most likely make up
52% of the market share in 2030 but this could be as
high as 62%.

EVs made a negligible (0.6%) share of the entire LDV
stock in 2020. This share expands by 2030 to 9% in HD
and 11% in MD and TD. In contrast, the non-EV LDV
stock declines marginally in HD (21%) and has sharper
declines in MD (27%) and TD (24%). Non-EV bus
stocks also decline in all three scenarios. EV bus stocks
expand to five times the current fleet size in MD, fol-
lowed closely by HD and TD. In both MD and TD
futures, the entire ride-hailing fleet will be electric by
2030. In HD, although the total ride-hailing fleet does
not change much between now and 2030, at least 30%

will be electrified. Despite a 300% growth in ride-hailing
trips in TD relative to 2020 levels, ride-hailing vehicle
stock relative to the total LDV stock remains low at
3.3% but is 180% and 280% higher than in the shares in
the MD and HD scenarios, respectively.

With respect to baseline 2020 (shaded bars in
Figure 3), VMT and PMT growth in LDVs is highest in
HD (+28%), followed by TD (+16%) and MD
(+11%). VMT (and proportionately PMT) by buses
will see limited growth across the three scenarios (from
+2% to +6%). We estimate a small spike in bus
stocks and transit VMT congruent to what we see from
the past that transit VMT keeps creeping up slowly.
Buses have become a slightly more important provider
of passenger trips and travel in the MD scenario, because
of a revitalization of transit systems and multi-modality.
Ride-hailing VMT and PMT growth varies across the
scenarios and are expected to expand the most in TD
and the least in HD.

Expert-suggested average VMT growth from (pre-
COVID) 2019 levels was projected at 3.7%, 1.2%, and
5% for the lowest, most likely, and highest estimates,
respectively. These figures were notably optimistic, indi-
cating modest growth from 2019 levels; even the highest
estimate represents a compounded annual growth rate
(CAGR) of 0.48%, lower than the Federal Highway
Administration’s VMT forecast of 0.6% published in
2023 (33). In contrast, our modeling results for VMT
range from 1.1% in the MD scenario to 2.5% in the HD
scenario. Overall, our forecasts lean toward pessimism,
aligning closely with the administration’s forecast of
1.1% VMT growth (from 2017), which was driven by

Figure 3. Vehicle miles traveled (VMT) and passenger miles traveled (PMT) by scenario.
Note: LDV = light-duty vehicle; HD = Hop & Drive; MD = Mapped by Directives; TD = Technology Dazzles.
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factors such as population growth, strong economic con-
ditions, and lower oil prices that typically lead to
increased driving levels (34).

With respect to mode share, the experts in our study
suggest that autos will dominate, with an average 75%
mode share for urban mobility, similar to the pre-
pandemic 83%. In contrast, new mobility modes such as
ride-hailing and micromobility will gain popularity. The
median solo and pooled ride-hailing mode share could
reach 3.5%. When including micromobility, these modes
could collectively capture 7%–15% of the mode share in
2030, according to the experts who contributed to the
study. In comparison, modeling results indicate that ride-
hailing will make up 0.8%, 1.7%, and 2.6% of all urban
private vehicle trips in the HD, MD, and TD scenarios.
That translates to a 2%–6% urban mode share and com-
pares well with expert inputs. Modeling reveals that pub-
lic transit mode shares will hover around 5%, putting it a
little higher than the mean value of 3.8% experts opined.
Our modeling results and expert opinion (mean value)
both project a higher mode share for public transit than
the pre-COVID 2.5%. Experts agreed that the aggregate
transit ridership would decline by about 3%, resulting in
a lower transit occupancy factor. However, this decline
in ridership would have a negligible impact of only about
15 basis points on the transit mode share. In aggregate,
transit mode shares remain exceedingly small compared
to private cars.

Overall, all scenarios result in lower 2030 energy use
and well-to-wheel transportation CO2-equivalent GHG
emissions than the 2020 and the pre-COVID 2019 levels
(see Figure 4). This is due primarily to changes in the
vehicle fleet, that is, the increased use of EVs, with up to
double the efficiency of internal combustion engine vehi-
cles (ICEVs), thus reducing the need for energy con-
sumed in transportation. Unsurprisingly, the MD
scenario has the lowest energy use and emissions while
HD has the highest. The TD scenario shows higher
energy use and emissions because of the VMT associated
with automation and ride-hailing and the highest electri-
fication levels for the same reasons. The net effects on
emissions are that HD has the highest CO2 in 2030, while
MD has the lowest.

Interestingly, our energy consumption projections
show greater variability across scenarios compared to
those in the 2023 annual outlook from the Energy
Information Administration (EIA) (35). While the refer-
ence cases are similar—0.7% average decline rate in our
HD 2030 scenario versus 1% in EIA’s reference case
based on 2022 levels—our other scenarios forecast more
significant drops. EIA’s lowest-consumption scenario,
which combines low economic growth and low zero-
carbon technology costs, projects a decline of 1.4%. This

is conservative compared to our TD 2030 scenario’s
1.58% decline and MD 2030 scenario’s 2.36% decline.

With respect to emissions, our forecasted average
annual decline rate of 0.7% in HD 2030 is more conser-
vative than the 1.3% decline in EIA’s reference case sce-
nario. EIA’s lowest-consumption scenario aligns with
the lowest emissions, showing a reduction of 1.7%.
However, this is slightly lower than the 1.8% decline in
the TD scenario and significantly lower than the 2.56%
decline in the MD scenario. In both cases, MD emerges
as a stronger, more optimistic scenario than EIA’s equiv-
alent eco-friendly scenario. These differences could be
attributed to factors such as higher fleet electrification
levels, stronger corporate average fuel economy (CAFE)
standards, differences in vehicle scrappage rates, and
other assumptions in our analysis.

Conclusions

Visualizing the passenger mobility landscape in the
U.S.A. over a 10-year horizon is challenging, especially
considering the significant changes in transportation
over the past decade and the impact of the COVID-19
pandemic. Our scenario approach aims to untangle the
uncertainties associated with passenger transportation,
revealing several aspects and painting possible pictures
of the future in 2030 without necessarily predicting what
will happen.

The key limitations of our work are also its strengths:
expert input and its assimilation. A similar study con-
ducted with a different panel of experts might result in
different scenarios. There are also various methods to
collect, process, and combine expert inputs, some more
structured and quantitative than the one we adopted.
Each approach has its own merits and demerits.

Three years have passed since the start of the pan-
demic, and transportation continues to transform rap-
idly. Some of our projections, such as telecommuting
levels, appear unrealistic in 2024. Does this mean these
scenarios need revision? Perhaps. However, revising the
scenarios to match today’s outlook would result in a dif-
ferent study altogether. This study aims to offer highly
uncertain versions of the future while distinguishing
more certain aspects from less certain ones. Just as stud-
ies on telecommuting intentions during the pandemic
require follow-up studies to compare (not validate) previ-
ous findings, we need new post-pandemic scenarios to
compare with our current scenarios. This paper cannot
accomplish both.

Despite the speculative nature of such scenarios, their
value in informing policy, providing clarity, and estab-
lishing benchmarks to guide transportation planning in
turbulent times is well recognized (36). Scenario planning
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is also receiving renewed interest from transportation
agencies, as evidenced by recent Transportation
Research Board (TRB) conferences on this topic (see
TRB’s scenario planning conference [37]).

Indicators and Major Uncertainties

Among the experts that participated in our study, there
was general agreement about four U.S. societal trends
going forward. These include stable population growth,
a continued trend in suburbanization despite the growth

in some urban cores, increased preference for green prod-
ucts, EVs gradually reaching price parity, and thus rap-
idly increasing electrification of private vehicles, buses,
and ride-hailing fleets.

However, there is considerable uncertainty surround-
ing the pace of economic growth, the degree of suburba-
nization and growth in telecommuting, the extent and
direction of environmental policies, the specific pace of
vehicle electrification, the adoption of new mobility
options such as ride-hailing and micromobility, and the
pace of technology development for automated (and

Figure 4. Transportation energy use, electricity use, and CO2 emissions by scenario.
Note: LDV = light-duty vehicle; HD = Hop & Drive; MD = Mapped by Directives; TD = Technology Dazzles.
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eventually driverless) vehicles. These five indicators were
considered the key levers and the basis for differentiating
the three scenarios considered.

A major factor is the overall state of the economy,
which affects where people live, whether, how, and where
they work (and how they commute), whether they have
disposable cash to shop more, and whether they replace
their vehicles or decide to keep them longer. Another
major driver is how the U.S.A. recovers from the
COVID-19 pandemic and the time horizon of this recov-
ery. At the time of writing of this paper (mid-2022), even
more contagious variants have surfaced in various parts
of the world, and a return to normalcy is still distant. It
remains to be seen what ongoing psychological and eco-
nomic impacts will linger and how that will affect how
people travel. Whether there is even a ‘‘return to normal’’
is an open question.

The next major driver in our scenarios is policy. At
the time the expert workshops were conducted in
November 2020, uncertainty loomed high with the U.S.
elections and the policy landscape seemed more uncer-
tain than it does in 2023. The Biden administration
reversed numerous rollbacks and dilution of environ-
mental policies by the 2016 administration. However,
despite the reversals, movement on climate policy
remains lackluster. While it is impossible to establish the
exact direction that future policy will take in the U.S.A.,
federal spending on clean infrastructure is set to increase,
and a renewed commitment to supporting vehicle electri-
fication is apparent. In the MD scenario, we have
attempted to capture what progressive policies at the fed-
eral level could do for transportation in 2030.

The final major driver and what seemed like the ‘‘wild
card’’ was the development of automation technology.
This contrasts with vehicle electrification, which is not
surrounded by the same uncertainty as the technology is
already mature enough. EVs in 2021 arguably achieved
price parity with ICEVs for sedans in the U.S.A. and
were expected to do so for larger vehicles such as SUVs,
pick-up trucks, and buses shortly. Comparatively, auto-
mation is in an embryonic stage and experts differ widely
in their opinion of its future. Although more pilots are
being approved, a breakthrough in automation has yet
to happen. Automation in freight might happen sooner.
Although some companies have deployed driverless cars
in city environments, very few are providing rides to the
masses without a driver in the front seat. However, the
race for automation is full-on, and major developments
could be achieved in the next few years. However, auto-
mation uncertainty is not limited to technology develop-
ment and extends to legal considerations. At the time of
this writing, California and other states are actively ana-
lyzing the aspects of automation that need to be regu-
lated. In summary, even though automation might take

time to become commonplace, the possibility of unpre-
dictable leapfrogging and the many disruptions it can
bring is real. We have captured this possibility in our
third scenario, TD.

Implications for the Future

Changes to automobiles are the most important drivers
of change in energy use and GHG emissions from
transportation, while changes in transit and micromo-
bility use have relatively minor impacts. The starting
position for public transit and ride-hailing is a small
share of travel and trips. Thus, even rapid growth in
either of these would not be a game changer for U.S.
travel patterns. The scenario modeling results highlight
the role of policy and regulations in achieving higher
levels of GHG reductions. Left to market forces and
under the context of the COVID-19 pandemic, we
might see an HD-style future where transportation
externalities worsen. Overall, the scenarios show that
HD is the most energy-intensive and highest emissions
version of 2030, while the MD scenario is the one with
the lowest emissions, although with a pronounced
increase in electricity use, thereby highlighting the need
to decarbonize the electricity grid. An MD future will
result in a 34% reduction from equivalent 2005 light-
duty transportation emission levels, an additional 15
and 5 percentage point drops when compared to the
HD and TD scenarios, respectively. This favorable
future would align well with the Obama administra-
tion’s emission reduction target of 32% but will fall
short of the ambitious 50%–52% reduction announced
by the U.S. administration in 2021.
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nyi. Urban Mobility Scenarios until the 2030s. Sustainable
Cities and Society, Vol. 72, 2021, p. 103029. https://doi.org/
10.1016/j.scs.2021.103029.

24. Fulton, L., J. Mason, and D. Meroux. Three Revolutions
in Urban Transportation: How To Achieve the Full Poten-
tial of Vehicle Electrification, Automation, and Shared
Mobility in Urban Transportation Systems Around the

World by 2050. University of California, Davis and Insti-
tute for Transportation and Development Policy, 2017.
https://itdp.org/publication/3rs-in-urban-transport/

25. Zmud, J., P. Phleps, and L. Ecola. Exploring Future Trans-
port Demand in the United States. Transportation Research
Record: Journal of the Transportation Research Board,
2014. 2453: 1–10.

26. Gray, P., and O. Helmer. The Use of Futures Analysis for
Transportation Research Planning. Transportation Journal,
Vol. 16, No. 2, 1976, pp. 5–12.

27. Masser, I., O. Svidén, and M. Wegener. Transport Plan-
ning for Equity and Sustainability. Transportation Planning

and Technology, Vol. 17, No. 4, 2007, pp. 319–330. https://
doi.org/10.1080/03081069308717523.

28. Nijkamp, P., S. A. Rienstra, and J. M. Vleugel. Transporta-

tion Planning and Future. Wiley (John) & Sons, Chichester,

1998, p. 297.
29. UK Department for Transport. Future of Mobility: A Time

of Unprecedented Change in the Transport System [Internet].

Government Office for Science, London, 2019. https://www.

gov.uk/government/publications/future-of-mobility
30. Aguilar, F. Scanning the Business Environment. Macmil-

lan, New York, 1967, p. 239. (Studies of the Modern

Corporation).
31. Fulton, L., P. Cazzola, and F. Cuenot. IEA Mobility

Model (MoMo) and Its Use in the ETP 2008. Energy Pol-

icy, Vol. 37, No. 10, 2009, pp. 3758–3768. https://doi.org/

10.1016/J.ENPOL.2009.07.065.
32. Global EV Data Explorer – Data Tools. IEA. https://

www.iea.org/data-and-statistics/data-tools/global-ev-data-

explorer. Accessed July 7, 2024.
33. United States. Federal Highway Administration. Office of

Highway Policy Information. FHWA Forecasts of Vehicle

Miles Traveled (VMT): Spring 2023. https://www.fhwa.

dot.gov/policyinformation/tables/vmt/vmt_forecast_sum.

cfm. Accessed July 7, 2024.

34. Office of Highway Policy Information. Federal Highway

Administration. FHWA Forecasts of Vehicle Miles Traveled

(VMT): Spring 2019. https://rosap.ntl.bts.gov/view/dot/

50565.
35. U.S. Energy Information Administration - EIA - Indepen-

dent Statistics and Analysis. Annual Energy Outlook 2023.

https://www.eia.gov/outlooks/aeo/data/browser/#/?id=45-

AEO2023&cases=ref2023&sourcekey=0. Accessed July 7,

2024.
36. Transportation Research Board. NCHRP Foresight

Series [Internet]. NCHRP Report 750: Strategic Issues

Facing Transportation. American Association of State

Highway and Transportation Officials (AASHTO),

2008. https://www.trb.org/NCHRP/NCHRPForesight-

Series.aspx?srcaud=NCHRP
37. TRB. Transportation Research Board - TRB Scenario

Planning Conference. https://trb.secure-platform.com/a/

page/ScenarioPlanningHome. Accessed July 7, 2024.

16 Transportation Research Record 00(0)


